Abstract. Female MRL-Mp-lpr/lpr mice spontaneously develop autoimmune disease at three to five months of age and die most commonly from immune complex glomerulonephritis. Kidneys of two-month-old females appeared nearly normal by electron microscopy, and glomerular deposits of IgG and complement component 3 (C,) barely were detectable. In fivemonth-old females, immunofluorescence revealed numerous deposits of IgG and CS; glomerular mesangial cells were hypertrophic and hyperplastic and contained electron-dense material. There were subepithelial and subendothelial deposits of electron-dense material with swelling of epithelial cell cytoplasm. This disease has many features similar to the immune complex glomerulonephritis observed in New Zealand Black and White hybrid mice and in man.
For many years, the New Zealand Black and White hybrid (NZB/W) mouse has been the mainstay of systemic lupus erythematosus research [6, 121 . Recently, however, new autoimmune mouse strains with a disease similar to systemic lupus erythematosus have been developed [9] . These strains already have been useful in testing the validity of some conclusions drawn from studying NZB/W mice [ 11, 131. Of all the new strains, the MRL mice probably are the most valuable. Two congenic strains have been developed at The Jackson Laboratories (Bar Harbor, ME): MRL-Mp-lpr/lpr (Iprllpr) mice which develop a fatal immune complex glomerulonephritis and a striking lymphoproliferative disease at three to seven months of age; and congeneic wild-type MRL-Mp-+/+ mice (+/+) which develop no lymphoproliferation, remain healthy for over a year, and eventually develop autoantibodies and glomerulonephritis [ 1, 91 . The disease begins earlier in female Zprllpr mice than in males [9] .
Colonies of lpr/lpr and +/+ mice have been established at The Upjohn Company (Kalamazoo, Mich.). These mice will be used to study the efficacy and mechanism of action of drugs that may be useful in treating human systemic lupus erythematosus. Our study was designed to define the fatal renal lesions and to compare them to lesions in NZB/W mice and in man.
Breeding pairs from The Jackson Laboratories were used to establish the colony, which was propagated by brother-sister matings. The mice were housed in cages covered by filter bonnets (Lab Products, Inc., Federal, MD). All cages, water, and bedding were sterilized and the mice were fed Old Guilford #96 chow (Emery Morse Co., Guilford, CT) ad libitum.
Materials and Methods
Six female MRL and +/+ mice, two and five months of age, were anesthetized with methoxyflurane (MetofaneO, Pitman-Moore, Washington Crossing, NJ). The thoracic cavity was opened and 1% glutaraldehyde-4% formaldehyde in phosphate buffer [8] was perfused through the heart for two minutes. The aorta distal to the kidney was ligated and the posterior vena cava cut after perfusion was begun. The kidneys were excised and a portion of the cortex was minced with a clean razor blade. These sections were processed for routine electron microscopy. One micrometer sections were stained with toluidine blue and examined by light microscopy to select areas for electron microscopy. Thin sections were photographed with an electron microscope.
Six additional female MRL-Zpr/@r and MRL-+/+ mice, one to five months old, were killed, and frozen sections (6 pm) were cut promptly and kept frozen until staining. To stain, they were washed for three minutes in phosphate-buffered saline (0.01 M, pH 7.4), fmed for 20 minutes in ice-cold 95% ethanol, washed for 20 minutes in phosphate-buffered saline and incubated for 45 minutes in a moist chamber with fluorescein-tagged rabbit anti-mouse IgG or rabbit antibody to mouse complement component 3 (anti-CB, Cappel Laboratories, Cochranville, PA). The slides then were rinsed, washed 20 minutes in phosphate-buffered saline, and cover-slips were mounted with Aquamount@ (Lerner Labs, Stamford, CT). The slides were washed and stained at room temperature and stored at 0°C. Using an epi-illuminated microscope at 400 total magnification, the kidney sections were examined for deposits of immunoglobulin or Cs. All observations were recorded without knowledge of the sample identity.
Results
Light microscopic examination of kidneys from five-month-old female MRL-Ipr/ Ipr mice showed that mesangial cells were both hypertrophic and hyperplastic ( fig.  1 ). The glomerular basement membranes essentially were normal although focal thickening was observed in some areas.
Electron micrographs of the glomeruli verified the lesions observed by light microscopy. The mesangial cells were enlarged and contained electron-dense deposits in the cytoplasm ( fig. 2) . Lesions in the glomerular capillaries also indicated immune complex disease. Both the subendothelial and subepithelial locations contained electron-dense deposits, as did focal areas of thickening of the glomerular basement membranes. The epithelial cell cytoplasm was swollen and contained electron-dense deposits ( fig. 3, 4) . The kidneys of female MRL-Mp-+/+ mice of the same age appeared normal when examined by light and electron microscopy.
Kidneys from female Ipr/lpr or (+/+) mice four to six weeks of age did not contain IgG or C3 deposits. Slight glomerular deposition of IgG was observed in two-monthold Ipr/Ipr mice and in some +/+ mice. At five months of age, there was extensive deposition of IgG ( fig. 5) , and, to a lesser degree, C3 in mesangial cells and capillary loops of Ipr/Ipr mice; slight IgG deposition was observed in five-month-old MRL-+/+ females. w. 
Discussion
Lupus-like syndromes have been described in the NZB/W, MRL and BXSB strains of mice, and the disease of these mice, particularly the NZB/W, has been studied extensively [l, 9, 11, 131. The genetic and immunologic basis for murine systemic lupus erythematosus may differ in each murine lupus model [2, 4, 91.
Presumably disease in man also is generated by various genetically influenced immunologic defects. Investigators have used both the NZB/W [5, 10, 141 and the MRL-lpr/lpr [3, 81 mice for drug testing. The pathogenetic mechanism in the kidney to MRL-lpr/lpr mice is sufficiently similar to that in lupus in man to make this a valuable model system for studying drugs that can modify the final stages of immune complex glomerulonephritis.
The morphologic changes in the kidney will be helpful in determining the time of onset of this disease. By five months of age, protein is excreted in the urine and there are morphologic alterations in the kidney. The ultrastructure of these kidney lesions resembles that of lupus nephritis in humans and NZB and NZB/W mice [ 11. Previous light microscopic studies have demonstrated proliferation of mesangial cells and increased mesangial matrix in the MRL-lpr/lpr mouse, and diffuse granular deposits of IgG and CS in the glomerular capillary wall have been reported [l] . The ultrastructure of these lesions in the MRL mouse has not been reported previously.
